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FOREWORD 


The following report provides a brief statement as to the 
factors which controlled the design of the dredger “Chien She’, 


followed by a rather detailed description of the vessel itself. 


The latter part of the report was drafted by Mr. William 
Smith, M. Inst. N.A., Dredging Engineer, who also supervised the 


vessel during construction. 


At the same time I wish to record my indebtedness to the 
late Mr. J. G. Irvine, Mr. W. Smith, Mr. P. N. Faweett, M. Inst. 
C.E., and Mr. J. Kolkmann (Technical Director to F. Schichau, 


G.m.b.H.) in various matters affecting the design of the ship. 


During the first year the vessel was operated by Capt. J. 
Johannsen and Engineer H. Arndt, whose experience in drag 


dredging was of great value. 


HERBERT CHATLEY. 
Engineer-in-Chief. 


Shanghai, Sept. 1st, 1936 
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Plate 1.—CHART SHOWING THE APPROACHES TO SHANGHAI. 
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THE DREDGING PROBLEM 


DREDGING EQUIPMENT 


It was the object of the project to dredge a channel at least 600 ft. bottom 
width, with a maximum depth of 9 feet below the crest level, over a length which might 
amount to 25 sea miles. The minimum depth of water in the channel at extraordinary 
spring tide was about 17 ft. and the maximum tidal rise above L.L. W. about 16 ft., the 
mean water level having a rise above L. L. W. of about 8 ft. Tidal currents up to 6 knots, 
inclined as much as 45° to the axis of the cut, were known to occur, and the water was char- 
ged with fine silt up to as much as 2000 parts by weight per million. The bottom was, as far 
as could be ascertained, a firmish clay-mud with a density of 1.8, a porosity of about 
50%, and a shearing resistance of about 300 lbs. per sq. ft. (114 tonnes per sq. metre). 
Some patches of fine sand, density about 1.9, with a shearing resistance of about 600 lbs. 
per sq. ft. (8 tonnes per sq. metre) were later discovered. The underwater slopes were 
very small, generally less than one per cent. Micro-photographs figures A and B illustrate 
the appearance of an average sample of Yangtsze mud and sand respectively. 
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Fig. A.—MICRO-PHOTOGRAPH OF MUD FROM YANGTSZE BAR x 100 


The route to be chosen was that of the thalweg, valleyline, or line of greatest 
depth and allowing for say 50 per cent reaccretion it was considered that two drag 
dredgers each with an effective annual output of 5,000,000 cubic yards (say 4,000,000 
cubic metres) would be adequate. 


In view of the small slopes, fine material, strong currents, marine conditions 
and large silt charge, it was concluded that any attempt to dredge with moored dredgers 
would be futile so that the trailing type was the only one feasible. The Committee of Con- 
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sulting Engineers, Shanghai Harbour Investigation, 1921, (Messrs. Black, de Vries, Hiroi, 
Hornell, Palmer, Perrier and von Heidenstam) had stated that there was reasonable hope 
of success. 


Fig. B.—MICRO-PHOTOGRAPH OF SAND FROM YANGTSZE BAR x 100 


A deepish pool suitable for dumping exists within 2 sea miles of the crest of the 
bar. Night working was not contemplated, at any rate in the first instance, and weather 
conditions indicated that at least 10 per cent of time might be lost by fog and heavy seas. 
Allowing further for coaling, repairs and annual overhaul, it was assumed that the work- 
ing hours per annum might not exceed 2000, implying a rate of 2500 cubic yards (say 
2000 cubic metres) dredged, transported and dumped per hour. The transportation and 
dumping were assumed to occupy half the time; considerations of length, beam and 
draft, limited the hopper load to about 4000 tons of mixture. Allowing five minutes for 
approaching the cut and lowering and raising the suction pipe on completion, this im- 
plied a dredging rate of 100 cubic yards (77 cubic metres) per minute or 1.67 cubic yards 
(1.8 cubic metres) per second. Allowing a speed along the cut of 2 knots (3.4 ft. per 
second or say 1.03 metres per second), the mouth of the drag head needed to be more 
than 14 sq. ft. (say 1.25 sq. metres). As a certain amount of dilution water would be 
needed (apart from the high pressure water which enters by jets in the head) and also 
the head was to be at times oblique to the axis of the cut (on account of the oblique 
tidal currents), it was decided to specify a width of 9 ft. and a depth of 2 ft., i.e., an 
area of 18 sq. ft. The study of the mud had shown it to be reducible to a very fluid state with 
the addition of 50% of water, giving a density of (0.6 x 1.8) + (0.3 x 1.0) = 1.53. Even 
with 25% of added water—density (0.80 x 1.8) + (0.20) = 1.64—the mixture was quite 
mobile. Since the added water can enter faster than the mud, the areas provided ap- 
peared, and actually later proved, to be adequate. 
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With such a thick mixture, a fraction of the vacuum is used in supporting the load in 
the pipe, leaving a smaller amount to overcome friction. Thus if the eye of the pump is 
at water level (actually in the light draught position it is about 2 ft. below water level), 
the lifting head required to raise material with a density of 1.6 is (1.6-1) 45 = 27 
ft. or nearly 25 inches of mercury. When the draghead is only 30 ft. below water level, 
the lifting head is diminished to 18 ft. or 1614 inches of mercury. (If the eye of the pump 
is 10 ft. below water level, and the draghead 30 ft. below water level only 2 ft. of lifting 
head is required.) With such a limited margin every effort must be made to reduce the 
resistance on the suction side. The Builders were therefore required to stream-line the 
interior of the head, to make the high pressure water nozzles flush and directed in the 
direction of flow, a single suction pipe 1.1 m diameter was insisted on, and the direct 
arrangement of the pipe from the head to the eye of a single central low-placed pump was 
considered essential. In order to avoid variations in the cutting angle and the deflection 
angle at the back of the head, the pressure water pipe was made into a linkwork which 
maintains the head in a constant “‘attitude’’. A very liberal supply of high pressure water 
(11 tons per min. at 75 lbs. per sq. in. pressure or 27 tons per minute at 14 lbs. per sq. 
inch) was allowed. 


As a result of all these precautions it proved easy to obtain a mud mixture with a 
density of well over 1.6 from a depth of about 30 ft., and whole hopper loads with over 1.5 
were frequently obtained. Apart from the design, this must be mainly attributed to the 
smoothness of the mud and the stability of the mixture once it has been churned up. 
Later, with fine sand about 20 per cent of sand by volume (mixture density 1.18) was 
about the best result obtained, as against 66-80 per cent with good mud. 


The velocities in the suction pipe vary from about 5 ft. per second (say 114 metres) 
for thick mud mixture to perhaps twice that value for sandy mixtures. 


Still another important aspect of the design is the provision of ample thrust for 
cutting the bottom with the drag head. Assuming the depth of the cut is 2 ft. and effect- 
ive width 10 ft. and that the mud ruptures along a plane inclined 1 in 3, the rupture area 
is 60 sq. ft. which at 300 lbs. per sq. ft. of shearing resistance = 18,000 lbs. or say 8 
tons. If this force is exerted at a speed of 3.4 ft. per second, the horse power required 
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As it often happens that the adverse current is up to 6 knots (making a total re- 
lative water speed of 8 knots) the propelling capacity needs to be ample to cope with the 
combined ship and drag head resistance. 3000 H.P. at 182 r. p.m. is available from the 
two propelling engines and the propellers have the following characteristics :— 


11’3%” Dia. 
10’912” pitch 
44.35 sq. ft. area (projected) 


The propellers usually run at about 120 r. p.m. when dredging so that the ejec- 
tion speed is about 21.5 ft. per second. If the relative speed is 10 ft. per second 
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(6 knots) the impelled speed is 11.5 ft. per second, giving a thrust of about 20 tons, leaving 
say 12 tons to overcome the ship resistance, which is ample at that speed. 


The position of the suction pipe plays an important part in the design of the ship. 
In the original Friihling design and all the older models the stern of the ship is split and 
the suction pipe trails below or behind the rudder. This allows much better arrange- 
ment of the machinery and hopper and easier handling of the drag head and avoids any 
danger of the head fouling the well but it makes the vessel very difficult to steer, es- 
pecially in cross currents, and, if there is any pitching, causes the head alternately to rise 
in the cut and to bump. The experience in the Argentine is stated to be decidedly in 
favour of the centre well and this arrangement was adopted, with entirely satisfactory 
results. It has a further advantage that by means of a strong framework attached to 
the suction pipe ladder, the latter can be arranged to bear against the side of the well 
thereby relieving the pipe trunnion of considerable strain. 


A very sensitive universal control of the pipe hoisting winch in conjunction with 
vacuum gauge from the main pump enables the dredging to be carried on steadily and 
efficiently. One bad feature is that the easing up of the pipe causes the cutting to be 
least on the hardest places. 


DENSITY OF DREDGED MIXTURES. 


In drag suction hopper dredging it should obviously be the aim to produce the 
densest possible mixture which can be pumped. Even if the power required during 
pumping is in excess of the optimum value for that process per sé the decrease of 
the cruising and dumping period will generally neutralize any loss of energy due to 
this cause. 


In the writer’s paper “Energy Considerations in Dredging”, published by the Inst. 
C. E. in 1982 (Selected Eng. Papers No. 125), p. 9, it was indicated that in ordinary 
pipe line dredging a dilution between 3 and 5 volumes (in relation to the situ volume of 
the dredged material) gave optimum conditions for a long (1000 ft.) pipe but that in 
drag suction dredging (p. 15) as little as 14 volume might be sufficient if the mud were 
smooth. 


Practical experience with the dredger ‘“‘Chien She” on the Yangtze Bar has since 
shown that for certain conditions the mud might be pumped with almost no added water 
at all. 


The specific gravity of the in siti material is not of itself the sole criterion to be 
considered. The grain size is also not the decisive factor, although it is probable that 
fine grained materials tend to be smoother and therefore will pump more easily than 
coarse ones. It is obvious that if the proportion of water filled voids (‘‘Porosity’’) is the 
same for materials with different sized grains of a given material, the density of mixture 
will be the same. In practice, great variations of the in siti density occur with 
little or no change in the mineral grain density, indicating clearly that the 
porosity varies largely. If the ‘“pore-coefficient’” (ratio of pore space to grain 
volume) is used the differences are still more remarkable. Thus the mud in the 
Koeningsberg ship canal at Pillau (E. Prussia), where the “Chien She” had builder’s 
trials, had a density of only 1.25, while on the Yangtze the density was in places over 1.80. 
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In both cases pumping was possible with about 50% added volume of water, giving densi- 
ties of 1.17 and 1.53 respectively. Taking the density of the mineral in each case as 
2.6 the porosity of the German mud was 0.843 and its pore coefficient 5.4; the Chinese 


Fig. C.—MICRO-PHOTOGRAPH OF MUD FROM PILLAU HARBOUR x 100 
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Fig. D.—MIcRO-PHOTOGRAPH OF SAND FROM PILLAU HARBOUR x 100 


mud had values of 0.50 and 1.0 respectively. The pumped mixtures had values of 0.894 
and 8.4 for the German mud and 0.66 and 2.00 for the Chinese mud. Such a difference 
is only explicable on the basis of a spicular or honeycomb structure in the German mater- 
ial which could remain firm and yet contain a large amount of interior space. Packed 
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dry snow shows a similar anomalously low density due to its spicular structure.* The 
Chinese mud on the other hand consists of compact or flaky particles which fit well 
together and only need slight separation to make them free. 

All these characteristics have been explained by Prof. Terzaghi in his well known 
works on Soil Mechanics. 

Micro-photographs of the Pillau mud and sand samples are shown in Figs. C. and 
D. respectively. 


DREDGING SAND 


There appears to be considerable doubt as to how far the Friihling principle can be 
applied to the dredging of sand. Experience both in the Yangtze and elsewhere clearly 
shows that with the ordinary mud head the efficiency falls off greatly when dredging 
sand. This may be attributed to the following causes:— 


(a) Shallower penetration of the cutting edge into the bed on account of increas- 
ed resistance, allowing much more dilution water to enter the upper part of 
the opening. 


(b) Rapid settlement of the sand in the mixture causing the average density of 
the mixture to be lower than required by minimum dilution. 


From experience with the ‘“‘Leviathan” and other sand pumps, it is clear that in 
certain circumstances mixtures containing as much as 45 percent by bulk volume of sand 
(density of mixture say 1.4) may be pumpable and the practical problem is how such a 
density may be produced and maintained. Many designs have been studied, including 
disc ploughs, jet intake of suction water, relief valves for suction water, spade pointed 
and parrot beaked cutting edges, shoe shaped drags with cutting grills, oscillating heads 
&c. but in many cases these are speculative designs. Some builders hold that the mud 
form is also the most suitable type for sand dredging especially if a smaller entrance area 
is provided. Experience in the Yangtze appears to show that reduction of the entrance 
area by plates which divert the dilution water down on to the entering sand helps. Since 
the head cannot be buried in the sand as it may be in the mud, because of the extra 
dilution water wanted and the increased resistance, this appears a logical method. 
Strengthening the pipe and adding to the propeller thrust is also indicated. 


Certain mechanical conditions apply to the cutting of sand which reduce the 
efficiency of a head designed for mud. The greater resistance of the sand to cutting 
causes the depth of the cut to be less, exposing the upper part of the opening to the 
relatively free inflow of the water. The velocity of inflow of the water is determined by 
the residue of the vacuum which remains after deducting :— (a) The head required to 
support the excess of the mixture density above unity, and (b) the friction in the pipe. 
With thin mixtures (a) is small (e.g., if the density is 1.20 and the lift is 40 ft. the head 
required is 8 ft.; if the density is only 1.10 the head required is only 4 ft.) As to (b) 
the friction on the pipe is small except for high densities or very high velocities. If the 
velocity is 20 ft. per second the resistance per sq. ft. is about 2 lbs. or about 2000 lbs. 


*(Loose dry snow has a density of 0.0833. Since ice has a density of 0.926 and the spaces in 
the snow are filled with air of practically no weight, the porosity is .91 and the pore coefficient 10! By 
pressure snow may be consolidated but unless the pressure is sufficient to cause local melting and 
freezing solid, the porosity remains quite large.) 
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for the whole suction pipe or 160 lbs. per sq. ft. of section, or say 1 lb. per square inch, 
1/15 atmosphere or say 2 ft. head. (For clean water) 


Hence if the vacuum at the eye of the pump is 26 ft. of water (say 24 inches of 
mercury), there may easily remain 9 ft. of vacuum at the mouth which will produce a 
water influx velocity of V 64 x 9 = 24 ft. per second. If the water area is half the 
opening and the sand is being cut at a speed over the bottom of 3 ft. per second, the ratio 


24 


of water to sand is as or 8 times as much giving a mixture with a density of about 
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If the water intake area can be halved (= 14 the whole area) by a flap, the ratio is 
as 12/3 or only 4 times giving a mixture density of 
Ginx 20) (42 xe) 
5 
If the water intake area were quartered (= 1 the whole area), the ratio would 
be as 6/3 or 2 times, giving a mixture density of 
Gig ew.0 ae (Zee) aed 
3 3 
This is probably the limit as the head required to lift the mixture now begins to 
grow appreciably. 


oy 0425129) 
5 
= 1.33 


This cutting down of the water area will not increase the quantity dredged which 
depends wholly on the depth of the cut, but it will increase the density of the mixture, so 
prolonging the dredging time required to fill the hopper and reducing the proportion of 
dumping time. 
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DESCRIP T@NSORS TE OREDGERS CHIEN” SHE? 


On the 9th February 1935 there sailed from Danzig the new Twin screw steam 
Drag Suction Dredger ‘‘Chien She” built to the order of the Whangpoo Conservancy 
Board, Shanghai, by F. Schichau, G.m.b. H. at their Danzig yard; the machinery and 
dredging equipment having been constructed at their works in Elbing, Germany. 


The voyage to Shanghai, conducted under the most economical steaming condi- 
tions to obviate re-bunkering was accomplished in 64 days and after completing a very 
extensive series of dredging output trials, which were successfully carried out with an 
ample margin, she was handed over to her owners on the 4th July 1935. 


Since the ‘‘Chien She”? was commissioned for service on the Yangtsze Bar the guar- 
antee period has elapsed and a description of the vessel and analysis of the actual 
dredging work accomplished during that period is of considerable interest. 


The principal dimensions and other important particulars of the ‘Chien She” are 
given in Table I as follows:— 


Table I.—Principal characteristics of the Dredger “‘Chien She’’ 


PARTICULARS ENGLISH METRIC 
Length overall at a ee a5 Baye ae Fe 373’-0” 113.690 m. 
Lencth B. P. ie fe ~ nies vis ae Bue 360’-0” 1007265 
Breadth, moulded ... ae oe mit xe Ss a 60’-0” 18.288 ,, 
Depth, moulded _... Fas as Lee cae He eur 26’-6” 8.07 
Gross Tonnage 4699 tons 4,774 tonnes 
Net Tonnage 185582. 183i ae 
Load draught, normal 18’-0” 5.486 m. 
Deadweight tons 4500 4,572 tonnes 
Hopper capacity, cubic yards, to top of coaming 4200 32108 cub ern, 
Hopper capacity, cubic yards, to deck level 3700 2, 020m: 
Maximum dredging depth 45’-0” 13371Som. 
Dredging output of solid in situ mud from the Yangtsze Bar of 
density 1.8 metric tons per cubic metre, dredged, transported 
in hoppers, deposited by hopper doors two sea miles dis- 
tant from dredging base in a total of 10 working hours ... 25,000 19,110 
cub. yards cubic metres 


The vessel has been built in accordance with the requirements of Lloyd’s Register 
of Shipping under Special Survey, the classifications 44100 A. I. Hopper Dredger having 
been assignd by that authority. The regulations of the Board of trade have also been 
fully complied with. 
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GENERAL. ARRANGEMENT 

The photograph of the Dredger “Chien She” reproduced in the frontispiece, illust- 
rates the vessel in service condition which to all outward appearance resembles that of a 
modern cargo steamer rather than a typical drag suction dredger. 

The vessel has a raked stem of rounded plate form, and elliptical stern, a single 
funnel and two tall masts. The rudder is of the double plate type of stream-lined design 
and electrically welded construction as shown in Fig. 32; the steel castings having been 
supplied by the Builders Steel Works at Elbing, who also manufactured the stern frame 
and shaft brackets. The hull plating is bossed in way of the two lines of shafting and 
extends aft to the propellers. 

The general arrangement of the vessel may be seen from the elevation and deck 
plans given on Plates Nos. II, and III and Midship section plan Plate IV. 

Watertight sub-division is effected by six transverse bulkheads all of which extend 
to the level of the main deck, with the exception of the bulkheads at the fore and after 
ends of the hopper spaces, which are carried up to the upper deck. The vessel is further 
subdivided longitudinally by a centre well amidships in which the suction pipe and dred- 
ging ladder is situated. Forward of the well is an additional watertight compartment 
through which the suction pipe passes to the Dredging pump. This compartment is pro- 
vided in case of damage to the well during dredging and also contains the hydraulically 
operated main sea suction, shut off valve. 

On either side of the centre well is arranged the spoil hoppers constructed with 
sloping sides which form large buoyancy spaces at the ships’ side and centre well sides 
respectively. The outer spaces have extra deep floors plated over and arranged as feed 
water tanks built with recesses in way of the sea suction valves to hoppers; the tank top 
plating and connection to ship and hopper sides being of welded construction. The 
spaces at the centre well side are utilized for the installation of the main suction pipes and 
valves from the hoppers. 

The peak tanks have a large capacity arranged for trimming purposes. A summary 
of the capacities of the various fuel bunkers and tanks for fresh water and water ballast 
is given in Table II. 

Table II—Tank Capacities. 


Bunkers :— 


Cross bunkers oil fuel, 6740 cub. ft. Coal, 6460 
Starboard bunker oil ,, 12050 sa £0300 
Port bunker ao, Fee 2350) pe 10510) 
Settling tanks aE aes 1000-, 4 ee 


Total Coal Capacity 


Fresh Water :— 
Feed water tanks, port ... 
Feed water tanks, starboard 
Drinking water tanks 


Total fresh water 

Water Ballast :— 
After peak 
Fore peak sy: ee ay 

Total water ballast 


Fig. 1—VIEW OF THE NAVIGATING BRIDGE. 
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Fig. 2.—ViEW OF THE OPERATING CONTROL Room. 
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A large cargo hold is arranged forward for the storage of wire ropes, stores, and 
spare dredging equipment; aft of which is the Pumping engine room, the Hopper spaces, 
Boiler room and Propelling engine room respectively, whilst an insulated and refrigerated 
chamber having a storage space of 600 cubic feet in three compartments is situated in the 
tween deck aft. 


The Navigating bridge which extends from side to side of the vessel is enclosed in 
a steel casing lined with triple plywood and having large opening windows on all sides, 
The Bridge deck is of teakwood and arranged with a double set of engine room 
telegraphs, a telemotor steering control, a Kelvin steering compass, controls for a power- 
ful searchlight fitted on the Flying bridge, an electric navigational light and dredging 
signal indicator, and a Siemen’s electric helm indicator. The arrangement of the Bridge 
is seen from Fig. 1. 


Aft of the bridge and communicating with it on the same deck is the Dredging 
control room and chart house in which is installed the Drag head operating wheel, pres- 
sure and vacuum gauges, and the hydraulic control levers for manoeuvering all the suc- 
tion and discharge valves in connection with the dredging equipment throughout the 
vessel. There is also installed, the Pump room telegraph, an electric indicator for the 
sluice valves, the loud speaking telephones, a ‘““Hughes’”’ Echo sounder, and a “‘Dobbie— 
McInnes” draught and displacement indicator. A view of the Control room is shown in 
Kigs 2. 


The whole interior of the Navigating Bridge and operating room is smooth finished 
in white enamel and presents a fine appearance with all the navigating and dredging equip- 
ment neatly and conveniently arranged. 


ACCOMMODATION FOR OFFICERS AND CREW. 


The accommodation for the Captain and Dredging Master, First Officer, and Chief 
Engineer, is arranged below the Bridge deck together with the Wireless room and Office. 
On the main Deck aft six additional Cabins are provided for the deck and engine room 
Officers. The cabins are unusually large, well ventilated and comfortably fitted out for 
the tropical weather conditions under which the dredger has to work during the summer 
months. The steel decks forward and aft in way of all accommodation are sheathed with 
teakwood planking. 


Cabins for the Chinese Senior ratings, including: Dredging laodahs, Wireless 
operator, Engine room artificers and Armed guards are arranged forward, at the port 
and starboard sides of the pump room casing. In the ’tween deck forward light and 
airy accommodation is provided in four separate spaces for sailors, oilers, firemen, cooks 
and boys, fitted up with steel frame berths, lockers, and tables. The forecastle deck is of 
teakwood, and the ’tween decks in way of crews’ space of oregon pine. 


Well fitted bathrooms and toilet facilities are arranged in conjunction with 
the Officers and Senior ratings accommodation, whilst spacious toilet room, lavatories, 
and wash houses, are provided for the use of the crew. 

On the poop deck aft is situated a suite of three staterooms, with bathroom and 
toilet adjoining for accommodation of the Board’s Officials and Dredging Engineer dur- 
ing inspection visits to the dredger. 
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The full complement of the vessel is given in Table III as follows:— 


Table Il].—Complement of Officers and Crew. 


PERSONS 

Captain and Dredging Master, and Deck Officers ... be Se oe Bon oe 4 
Chief Engineer, and Engineer Officers ae ee aie ee om op an 5 
Chinese Senior deck ratings and Medical Officer ... See sie Gai vis ia 15 
Chinese Senior engine room ratings soe alas ee a nie ae ee 13 
Sailors 18, Oilers: 7, Fitemen*20 2... oa ee Ye hie As a. ade 45 
Steward 1, Cook"6, Boys “7,3... a ess ah Bed nee ae ne se 14 
Other non -ratings ... fe ase oe ee sb ae) oe ae £4 10 

Total fe ee 106 


DECK MACHINERY. 


All the deck machinery of the “Chien She” has been constructed at the Builder’s 
Works at Elbing and is entirely of steam operated design. 

The windlass is of the patent direct-grip, horizontal type, of specially massive 
construction for daily duty under service conditions and is mounted on the main deck 
forward. The cable holders are suitable for 2-1/8” stud link chain cable, each having 
four snugs; warping ends are also fitted for mooring purposes. The equipment includes 
a pair of patent self holding and automatic releasing bow stoppers. Hand gear is also 
fitted to the windlass. The anchors are of the stockless type. 

Two double cylinder horizontal steam winches are installed; one forward on top of 
pump room casing for serving the cargo hold 5 ton derrick, the other situated on top 
of the fidley casing working in connection wth the 8 ton derrick for handling the suction 
draghead. 

The steam steering gear, which has also been constructed by the Builders, is of 
the horizontal double cylinder, vertical type operating a cast steel rudder quadrant fitted 
direct to the rudder stock. The gear is controlled from the navigation position by tele- 
motor equipment. 

There are also two steam warping winches and two coaling winches of the horizont- 
al double cylinder, single drum type installed on the after main deck, one of the warping 
winches being arranged with a gypsy for handling the stern anchor. 

A powerful double cylinder steam Hoisting winch Fig. 3. is fitted on the hopper 
deck abaft the navigating bridge by means of which the outboard suction pipe and lad- 
der is raised and lowered in the centre well. The winch has double drums of large 
diameter with machine cut grooves for the steel wire cables the ends of which are con- 
nected to buffer springs for taking up shocks which might occur during dredging, in 
order to prevent excessive stresses on the lifting cables. The hoisting drums are oper- 
ated by-a steel worm drive from the steam engine, gearing into a solid bronze machine 
cut worm secured to the drum shaft. The engine is controlled from the operating room 
on the bridge deck by means of a flexible shaft and gearing. 
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Fig. 3—LADDER HOISTING WINCH AND ENGINE 


A brass dial graduated in feet, is arranged one at the draghead control column 
and the hoisting drums respectively, for indicating the depth of the draghead below 
water level. 


EMERGENCY ARRANGEMENTS. 

Reference to the sub-division arrangements has already been made, and it may 
now be mentioned that door openings are arranged in the watertight bulkheads commun- 
icating with:—-the outer and inner buoyancy spaces, the pump room, boiler room, 
and engine room, each fitted with a quick-closing watertight door which is also ar- 
ranged for hand-operations from the main deck. 

The lifeboat equipment comprises two 26 foot standard boats of oregon pine and 
one 24 foot working motor dinghy equipped with a 2 D.M./18.5 B.H.P. ‘‘National’’ 
Engine. 

The boats are carried in patent davits of the ‘““Welin” type. An adequate supply 
of life rafts and life buoys is provided. : 

The Wireless-telegraphy installation which has been supplied by the Marconi 
International Marine Communication Co., Ltd., of London includes a X. M.C./2 A. type, 
completely self contained wireless telephone and telegraph transmitter designed for point 
to point working. The set operates on a single wave length chosen to suit the particular 
service at any spot wave between 150 and 450 metres. In cases where it might be re- 
quired to communicate by telephony or telegraph using the normal 600 metre wave a 
unit for this purpose is located at the back of the transmitter and can be utilized by means 
of a rapid change over switch. 

Under service conditions the ship’s wirelesss set operates on a fixed wave length in 
communication with an independent shore station through which the movements and daily 
records of the dredger’s working is reported to the Board’ Head Office. 
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NAVIGATING EQUIPMENT. 


The outfit of magnetic compasses has been supplied by Messrs. Kelvin, Bottomley. 
& Baird Ltd. of Gasgow and comprises two of this firms ‘“Kelvite’ pattern liquid card 
instruments supported on a solid teak pillar with patent suspension. 


As previously mentioned a British Admiralty silent magneto-striction, echo sounder 
with recorder, supplied by Henry Hughes & Son, Ltd is installed for taking soundings over 
the dredging area. 


Messrs. Siemens have supplied the installation of loud-speaking telephones 
communicating between the navigating bridge and the steering position on the poop deck, 
and between the propelling and pumping engine rooms, all inter-connected. The same 
firm has also installed an electric indicator for the ship’s navigating lights and dredging 
signals. 


A “Teledep” draught and displacement instrument supplied by Messrs. Dobbie 
McInnes & Co., Glasgow is installed in the operating room for indicating the conditions of 
loading in the hoppers during dredging. 


DREDGING ARRANGEMENTS AND EQUIPMENT. 


The main hoppers, which are situated on either side of 
the centre well, amidships, have an aggregate capacity of 2850 
cubic metres (3700 cubic yards) to deck level. The hoppers are 
constructed with sloping sides, with cross girders at bottom 
which divides each hopper space into ten compartments, open at 
the bottom, and closed by means of a double row of steel cased 
doors lined with oak wood. The doors Fig. 4. are supported 


Fig. 5.—TURNBUCKLES AND 
I ome a oS SHACKLES FOR HOPPER DOOR 
HE Hopper Bottom Doors. GEAR. 
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on strong forged steel hinges fitted with manganese steel pins and bushes and when closed 
press against oak wood frames lined with leather jointing. Each door is raised by two steel 
wire strops fitted with stretching screws and connected to equalising gear in order to en- 
sure equal loads on all the supports. 


Each pair of door wires is further connected to a second equalising gear Fig. 5. to 
which is attached the main chains leading to a sliding motion girder running along con- 
tinuous gangways on the hopper tops. The sliding girder for opening and closing the 
hopper doors is actuated by means of a hydraulic ram situated one on either side at the 
after end of the hopper gangways. The rams are arranged to work at a pressure of 600 
Ibs. per sq. inch. 


This arrangement makes it possible to operate each pair of doors separately or 
any number of them together. 


During loading of the hoppers the main door chains are supported by means of a 
forged steel cottar secured to a cast steel stool on the hopper gangway which also forms 
the sliding faces for the hydraulic motion bar. 


Perhaps the most interesting part of the whole dredging gear is the dredging head, 
or draghead, and the outboard suction pipe for conveyance of the dredged material to 
the pump. The utmost care has been taken in the design of this equipment in order to re- 
duce to a minimum friction losses at the draghead entrance and in the suction pipe, and 
with this object in view the various parts and sections have been made of stream-line form. 


The suction pipe is arranged in a strong girder frame of steel plate and angle con- 
struction secured to massive steel castings at either end; the lower casting being arranged 
with bearings and shaft to take the draghead, the upper casting having side journals of 
large diameter which are supported in heavy bearings secured to the centre well sides. 
Attached to the upper casting is a cast steel] machined sliding joint which rotates in a 
steel casting secured to the forward end of the centre well plating, the joint being made 
watertight where the sleeve passes through the hull, and connects to the main suction pipe 
to the Dredging pump. The details of this connection are clearly shown in Figs. 6 and 7. 


The general arrangement of the outboard equipment is shown on Plate V. 
together with the pipe line and hydraulic sluice valves in connection with the Dredging 
pump. 


It should be noted that the dredging pump has been kept as low as possible in 
order to reduce the suction lift. 


The lower part of the outboard suction is fitted with an interchangeable cast steel 
suction draghead of massive design and construction, fitted at the entrance with manga- 
nese steel cutting blades and having vertical grid plates for the purpose of excluding large 
objects and wreckage from entering the pump. Three different sizes of dragheads have 
been supplied measuring six, eight and ten feet respectively on the cutting edge, one of 
which is illustrated in the two views Figs. 8 and 9. The inner surfaces are streamlined 
throughout and the head is cast with a water jacket fitted with pressure water jet open- 
ings facing in the direction of flow of the spoil, which can be used to provide water lubrica- 
tion on the inner skin of the casting when dredging stiff materials. 


Ben Vs fast 


Another interesting and important feature of the draghead is the mechanism for 
maintaining a constant angle at the cutting edge of head irrespective of dredging depth, 
tidal variation or loaded conditions of the dredger. 


This arrangement which is shown in Fig. 9 and Plate V. consists of two cast steel, 
lever shaped, arms mounted on top of the draghead, connected at the upper end to a 
branch piece, the ends of which form a journal rotating in the lever ends. These side arms 
are cast hollow and serve to convey the pressure water service to the water jacket in the 
draghead. The branch piece joins a ““Mannesman”’ solid drawn steel pressure water pipe 
which in turn is connected to a second cast steel branch piece mounted on bearings secured 
to the forward end of the centre well. By means of this mechanism, the cutting angle of 
the draghead, after having been set to suit the conditions of dredging, remains fixed for any 
position of the head, the variation of angle being taken up by a sliding sleeve secured to 
the upper part of the draghead. A general view of the suction ladder with draghead at- 
tached is shown in Fig. 10. 


Fig. 10.—GENERAL VIEW OF THE SUCTION LADDER AND DRAGHEAD. 


The suction ladder is housed within the centre well and has heavy wood faced 
fenders on both sides which bear on doubling plates on the well sides during dredging. 
The lower end of the suction pipe and ladder is suspended from the hoisting platform 
by steel wire ropes, raised and lowered by means of the hoisting winch already des- 
cribed. A view of the centre well and suction ladder is shown in Fig. 11. and Fig. 12. shows 
the draghead in the top position. 


The Main dredging pump is of the centrifugal type, built of cast steel sections bolt- 
ed together and lined internally with manganese-steel wearing plates. The impeller is 
of the semi-shrouded type 8’—6” diameter over tips, having four mild steel blades 20” 
in width riveted to vanes cast on to the impeller disc. The impeller shaft is 1334,” dia- 
meter at the bearing and connects through a “Michell” type thrust block to the main 
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Fig. 6—SLIDING JOINT AND TRUNNIONS OF SUCTION LADDER. 


Fig. 7.—SIDE BEARINGS AND OPENING 


FOR SUCTION SLIDING 
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Fig. 8.—FRONT VIEW 0F DRAGHEAD SHOWING CUTTING EDGE AND GRID PLATES. 


Fig. 9.—SIDE VIEW OF DRAGHEAD SHOWING SIDE LEVERS FOR ANGLE CONTROL. 
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Fig. 12.—SUCTION LADDER AND DRAGHEAD IN TOP POSITION. 


we 


Fig. 14.—DREDGING PUMP IMPELLER. 
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pumping engine. The impeller shaft bearing is fitted with a patent sand excluding device 
to which a supply of clean water under pressure is kept in circulation. 

The pump which may be seen in Fig. 13. and impeller Fig. 14. has a water pumping 
rate of 18000 tons per hour at a speed of 120 revolutions per minute when delivering 
through the distributers at the hopper tops, and when dredging thick mud, having an in- 
siti density of 1.8, the pump can fill the hoppers with a load of 4000 tons in less than 20 
minutes. 

The arrangement of suction and delivery piping and valves makes it possible to 
draw the dredged up material from the draghead and deliver it direct to the hoppers, or 
if required, it may be pumped overboard for reclamation purposes. It also permits of the 
hoppers being pumped out and discharged overboard. 

Each particular method of pumping is controlled by manoeuvering appropriate sluice 
valves in the suction and discharge pipes, all of which are hydraulically operated by con- 
trol levers, arranged in the operating room on the Bridge deck. The main discharge pipe 
from the pump is divided at the main deck level into two separate discharge pipes lead- 
ing to the port and starboard hoppers respectively, each having five outlets or distributors 
spaced at intervals along the length of the hopper and fitted with a hydraulically operated 
sluice valve for control of the loading and to ensure an equal distribution of the load in 
the hoppers. 

Particulars of the various suction and discharge connections are given on the follow- 
ing Table No. IV. 

Table IV.—Particulars of Suction and Discharge Connections. 


DIMENSIONS 
DESCRIPTION NUMBER : = 
MILLIMETRE INCHES 

Maximum opening at entrance to 8 ft. draghead a a 2400 x 900 96 ex Sok! 
Suction opening in draghead crown ... ie an 1 1100 x 900 433” x 354” 
Section of Outboard suction pipe... ver oes 1 1200 x 800 ATR” x 314" 

Diameter 
Main dredging pump suction ... 1 1100 433" 
Pump suction branches from hoppers... 700 274" 
Pump suction from sea... 300 113” 
Mixing water sea valves 10 560 ens 
Main dredging pump discharge 1 1000 393” 
Overboard discharge pipes 2 1000 398” 
Discharge pipes to hoppers 2 700 274" 
Discharge outlets to hoppers 10 450 x 586 ax. 254 
Pressure water pump sea suction 1 450 173” 
Pressure water pump discharge ... 1 400 153” 
Pressure water connection to doors 1 100 4” 
Clear openings in bottom for dumping 10 2060 x 2230 Wee ata 
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Independent sea inlets each fitted with hydraulically operated sluice valves are ar- 
ranged, five on each side of the vessel, with short inlet pipes leading to the lower compart- 
ments of the hoppers. These inlets are placed directly opposite the suction openings from 
the hoppers and are used for diluting the hopper mixture when the load is being pumped 
overboard, from the hoppers. 


A double stage centrifugal pump having both chambers working in series construct- 
ed by the Builders, is installed in the Pumping engine room for the supply of high 
pressure water, to the draghead water jets and also to the bottom door frames for cleaning 
the joints after the spoil has been dumped. This unit is illustrated in Fig. 15. 


Fig. 15.—FLUSHING PUMP AND ENGINE. 


The pump has a capacity of 2500 gallons per minute against a head of 150 feet 
or 6000 gallons at 30 feet head, and is driven direct by a set of vertical compound, enclos- 
ed type, engines developing 290 I. H. P. at 325 revs. per minute. 


Two steam driven hydraulic pumps are also installed for providing the necessary 
high pressure water supply to the various hydraulic rams and sluice valves in connection 
with dredging equipment. The pumps are of the vertical duplex, long stroke type, arrang- 
ed to work at a water pressure of 750 lbs. per square inch, the door rams being operated 
at about 600 lbs. per square inch and the individual sluice valves at a reduced pressure of 
250 to 300 Ibs. per square inch. The pumps are fitted with regulator controls on the steam 
and water ends of the system. 


PUMPING MACHINERY. 

The main dredging pump is driven direct by a single vertical triple expansion, ma- 
rine type steam engine having cylinders 500 m/m.—820 m/m.—1350 m/m. diameter res- 
pectively by 950 m/m. stroke (1916”-3214,”-51%” x 373”) capable of developing 2400 
Indicated Horse Power at a normal speed of 150 revs. per minute. 
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Fig. 16.—GENERAL VIEW OF THE PUMPING ENGINE ROOM. 


Fig. 17.-GENERAL VIEW OF THE PUMPING ENGINE ROoM. 
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18.—CGENNE Room Port. 


Fig. 20.—GENEROOM STARBOARD. 
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Fig. 20.—GENERAL VIEW OF THE PROPELLING ENGINE ROOM CENTRE. Fig. 21.—GENERAL VIEW OF THE PROPELLING ENGINE ROOM STARBOARD. 
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The engine is of substantial construction, designed for a moderate degree of super- 
heat, with crank shaft arranged in three interchangeable sections, ahead and astern valve 
motion and reversing gear, and fitted with a dead-weight sensitive governor. The Pistons 
are fitted with Lockwood and Carlisle packing rings, and the rods with patent metallic 
packing. The cylinders are well insulated and entirely enclosed by portable polished steel 
covers. 


The pumping machinery which is installed in a separate engine room situated for- 
ward of the hopper spaces is entirely independent from the propelling machinery having 
its own condensing plant and auxiliary machinery which can be shut down when the dred- 
ging operations are suspended. 

The pump room auxiliaries are all steam driven and comprise the following units :— 

One Weir’s Regenerative Condenser 3200 square feet constructed by the Builders, a 
“Weirs” Paragon type air pump, a 12” centrifugal circulating pump, a duplex cylinder 
condensate pump with automatic control from filter tank; Bilge, ballast and gland pres- 
sure water pumps, and as already mentioned the large high pressure water jet pump and 
a pair of powerful duplex pumps for the hydraulic pressure system. 

On the starboard side of the pump room a well equipped workshop is arranged in 
a separate enclosure over which is situated a spacious pump room store. A general view 
of the pumping machinery and dredging pump is shown in Figs. 16. and 17. 


PROPELLING MACHINERY. 


The propelling machinery consists of twin sets of triple expansion surface conden- 
sing steam engines having cylinder 480—800—1300 m/m. diameter by 750 m/m. stroke, 
(18%”—-38114”"—-51%” x 2914”) capable of developing a total of 3000 I. H.P. at a nor- 
mal speed of 130 revs per minute. The working parts are designed for superheated steam. 
The engines are entirely independent for propelling purposes, with crank shafts in three 
interchangeable sections, fitted with ‘‘Michell” type patent thrust blocks, and driving four 
bladed cast iron propellers. All the pistons are fitted with Lockwood and Carlisle packing 
rings and the rods with patent metallic packing. The cylinders are well insulated and 
entirely enclosed on top with portable covers of planished steel sheets lined with asbestos 
material. The stern tube bushes are of cast iron fitted with Vicker’s type sand excluding 
glands. 

A large range of steam driven auxiliaries is provided for the feed water system 
and general service duties including :—One Weir’s regenerative type condenser common 
to both engines having a cooling surface of 3200 sq. feet, constructed by the Builders, 
Weirs Main and auxiliary feed pumps with automatic feed control, Weir’s ““Paragon”’ type 
Air pump, Weir’s 10 ton Evaporator and fresh water distilling apparatus, 12 inch centrifug- 
al circulating pump; and the usual Bilge, Ballast and General service pumps. In addition 
an independent auxiliary condensing equipment is provided for port and stand-by use 
comprising :—A Weir’s type condenser, ‘‘Mono-type” Air pump, and a 6 inch centrifugal 
circulating pump. A general idea of the arrangement of the Propelling engine room may 
be seen from Figs. 18 to 21. 

The suction side of the feed water system connects to a gravitation type feed water 
filter of large capacity, into which the condensate water from the Pumping and Propelling 
engine room is directed together with drains from all the main and auxiliary machinery. 
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The feed water passes from the filter by automatic control to the main feed pumps and is 
discharged through a Weirs ‘‘Multiflow” type surface feed water heater before entering 
the Boilers. 


A No. 6 “Hall's ’ CO, refrigerating machine is installed at the after end of the 
engine room adjoining the insulated chambers, while two vertical compound steam gen- 
erating sets, supplied by the Builders, each driving a 16 K. W. Siemen’s dynamo, together 
with a 12 K. W. ‘‘National,’’—‘“‘Lawrence Scott” Emergency diesel dynamo set supplied by 
the National Gas and Oil Engine Co. Ltd., Ashton—under—Tyne, completes the auxil- 
iary equipment in the propelling engine room. 


BOILER ROOM INSTALLATION. 

The steam generating equipment consists of four single-ended, cylindrical return 
tube, four furnace boilers each fitted with superheater and arranged for operating under 
Howden’s system of forced draught in a common open stokehold, the furnace fronts being 
arranged for coal or oil fuel burning. The Boilers, superheaters, and fan units have been 
supplied by the Builders from their works at Elbing, the furnace fronts by Messrs. James 
Howden & Sons Ltd., Glasgow and the oil fuel equipment by The Wallsend Slipway & 
Engineering Co., Ltd., Wallsend—on—Tyne. 


The Boilers are each 17’-1” mean diameter x 12’-11” mean length constructed 
with a single shell plate for a working pressure of 200 lbs. square inch, the steam being 
superheated to 610° F. in order to compensate for pressure drop in the long main steam 
range to the forward engine room. One of the four main boilers is shown under construc- 
tion in Fig. 22. and a view of the after stokehold in Fig. 23. 


The total heating surface of the four boiler is 13760 sq. feet, the grate area 328 
sq. feet and the superheater surface 540 sq. feet. Each pair of boilers is fitted with a 
“Ranarex’’ CO, recorder, and two “‘See’s” ash ejectors are installed for discharging the 
ashes. Soot blowing arrangements are fitted to each boiler. Under service conditions the 
Boilers are capable of supplying steam for all purposes, under natural draught condition 
when burning a good quality of Chinese coal having a calorific value of about 14000 B. T. 
Us per pound. 


ELECTRICAL INSTALLATION. 

The vessel is fitted throughout by electricity, the current being Bea from the 
steam generating sets installed in the propelling engine room. In addition to the deck and 
accommodation lights four powerful flood lights are fitted on posts over the dredging well 
for working at night, also a 6000 Watt searchlight is installed and arranged for working 
from the navigating bridge. 


The main switch board is composed of polished “Sindanyo”’ panels built on a steel 


framework and arranged with the usual light and power circuits, switches and cut-outs. 
The instruments and fittings are of Siemen’s make. 


TRIALS AND DELIVERY 
The keel of the ‘Chien She” was laid in the Danzig Yard of the Builders on the 
Ist March 1934 and on September the 15th, the vessel was successfully launched by 
Madame Liu Chung Chieh, wife of His Excellency the Chinese Minister at Berlin. Photo- 
graphs 24 to 33 serve to indicate the very satisfactory progress made during construction. 
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Fig. 22.—ONE OF THE FOUR BOILERS UNDER TEST. 
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Fig. 23.—VIEW OF THE AFTER STOKEHOLD. 
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7 S | 24 Fig. 25.—STATE OF ProGREss 7/5/34. 
Fig. 24.—-STATE OF PROGRESS 21/4/34. . 
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Fig. 26.—PLATING OF STARBOARD HOPPER 7/6/34. 


Fig. 27,—GENERAL VIEW OF THE DREDGER UNDER CONSTRUCTION 22/6/3 
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Fig. 28.—ViEW SHOWING MIDDLE AND AFTER Boby 26/7/34. 
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ig. 30.—DREDGER AFTER LAUNCHING 15/9/34. 


Fig. 29.—DREDGER READY FOR LAUNCHING Dios 
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31.—DREDGER READY FOR TRIALS 11/12/34. 
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382.—RUDDER UNDER CONSTRUCTION. 
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Before leaving on the voyage to Shanghai the dredger carried out a series of pre- 
liminary dredging and speed trials at Pillau at the entrance to the Konigsberg Canal, in 
mid January, under unusually severe cold weather conditions. 


The “Chien She” arrived at Shanghai on the 14th April 1935, and after docking for 
adjustment of the hopper doors and re-assembling of the dredging equipment the vessel 
was put into service condition and proceeded on official trials commencing on the 8th May 
1935. The trials prescribed in the Board’s agreements with the Builders were of a full 
and exhaustive nature covering a period of 100 hours dredging at the Tungsha Bar in the 
Yangtsze Estuary, Speed trials, Endurance trials, and Coal and Oil fuel consumption trials. 


These were successfully completed within 10 days of the commencement, the vessel 
showing a highly satisfactory performance on all trials, as may be seen from the record of 
results in Table V, VI and VII. 


Table V.cSummary of Results of Official Trials. 


DESCRIPTION OF TRIAL 


GUARANTEED ACTUAL 


Dredging Output in cubic yards, in-situ mud, per 10 
hours dredging, including transport to dumping area 25,000 cub. yards 

Coal consumption, dredging 2 elbewpetsl. bieby 

Speed fully loaded 10.25 knots 


Speed in light condition oF ee ay fg — 


26,507 cub. yards 
Telit lbs", pet, LAB: 
11.188 knots 
11.632 knots 


Easy steaming at 


Endurance trial, six hours steaming 
2 = 10.25 knots 


Satisfactory 

1.98 lbss perl Ps 
oa 1.104 lbs. per I.H.P. 
— 12293: lbsx pers HP. 


Coal consumption steaming at 10.25 knots 
Oil fuel consumption, dredging 


Oil fuel consumption, steaming 


Table VI.—Summary of Results of Progressive Speed Trials. 


SPEED TRIALS LOADED SPEEED TRIALS LIGHT 


Draft 18’-0”—Displacement 8400 tons Draft 11’-7”—Displacement 5220 tons 


Revs. Speed knots 


iL iel Ie Run Revs. PHP: 


70 3.00 495 80 7.061 735 


Speed knots 


90 


7.705 
8.249 
9.652 


11.188 


1087 
1415 
2268 


3293 


100 
120 
135 


8.806 
LO 752 
11.632 


1395 
2428 
3365 


Speeds given are mean of means of runs with and against the tide. 
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Table VII.—Record of Output on 100 hours Dredging Trials. 


OFFICIAL DREDGING a iis 


DRAG SUCTION DREDGER “CHIEN-SHE” 
RECORD OF OUTPUT 


OUTPUT IN 


Les NE 8th May Oth May 10th May] Leh May|12th May 14th May|15¢h May|16th May|17th May|18th May| RrMarxs 
= my; lie at ae ———— — _ ~- —_ 2 aa 2 | bee Se | pclae = 7 “| = IL 
oN dS AREAE b SY EO ae * ; . e : : 
Ss Ibyetes (ore satel Syceseonnc Tung-Sha Bar-Yangtsze Estuaty-South of a Line between the lower mark buoy and Tung-Sha Buoy. 
_ Dredging Time ......+. |1.48-5.30|8.07-5.56|8.28-6.44]8,07-6.1816.13-3.3317.10-6.3616.57-6.3317.03-6.4316.44-6.39]6.03-3.31] 
= ee (eee | 
PE | a peel ani eae | Pe 
Working Hours | nel | | | | | Total dredging 
ullanovee TAkeNeb) Gonqcne 4h. 47m. | 9b. 49m.) 10h. 16m.\104. 117.) 9h. 20m.| 11h, 267.|11h. 3677.|114. 40m. 11h. 55.| 9h. 20.) time 100 brs. 
eee eee | | | | 20 mins. 
Deadweight including | C440 | C400 | C370 | C344 ; | cane SeEey: aoe re ae : creel eee ieee cs 
Coal Water Stores, | W.498 | W.488 | W.478 | W.464 | W.447.5| W.404.5) W.382 | W.357.5] W.334 | W.302 
Bren ROns ences | 938 | 888 | 848 | 808 | 761.5 | 680.5 | 628 | 572.5 | 516 | 451 
Correction in Draft for| hie 4 — ; | : ail ear ase 
Dead wt in Excess of | 
(Gointira Gliemen ee coeee cone Sie iV’ 7 | 1. 9” | 18” | | oF Gh 4 eee | ails 5” | wee | Bs | ee 4 | a 
Light Draft of Vessel | | | | | | 
ay : / u | / uw , yu | | 
before Moading ee a|) (ison 1iea" | 11-3? 110" | ion ioe” | 10a" | 07 | 10/9" 1) 106 
Load Draft of Vessel | : | pe Alls iF 
atter Loading RACE 19’-0” | Pe La i827 ReeaG! POO S262 Mi RES Zee” 18’-3” | 18-2” 


1 


Character of Material | Generally soft thick mud, easily pumpable-Loads marked thus :—* Slight proportion of hard black sand with 
EE | large volume of water. 


-+ = =r — = — — = ~ = a 


Specific Gravity | | - | 
of Material ASS] 15644) 176251 1.662)| 17633 1,638 | 1,641 | 91.6469) 17624") 1.661 |, 1-618: Average 1.6392 
Dredged | |e ae I i= | 
| ! ) 
Six samples take 9 a4 5 | 4 =. || | : | 
sais ered Boy tes | ms et 720 | ea | 1707) tear) 169) | tesG | 1700s) 1.682 | 1.6886 
at commence- | 
i SReny ot ras MBEAN 1.681 | 167.0 1.691 1.652 1.672 | 1.644 672 1.645 | 1.685 1.625 | Le Am6689 
No of Hopper Loads | | | : | 
per day 5 3 i 13 16 16 i¢puie dS: i 3 Total 132 loads 
Mean Hopper Load ial ji | | Te = —— ——— | S 
metric tons | 3752 | 3856 | 3817 | 3798 | 3801 | 3862 | 3880 | 3966 | 3854 | 3853 |Average 3844 
$$} es — : = _ _ - | ell metric tons 
Mean Density of | | | | | | | | | 
Hopper Mixture 1.268 11.318 || 1.396 | 1.374 1.403 | 4.368) 1.363) 1.384) 1.312)) 1.316 |Averaged 3502 
2 = | Distributors z= = | 42650.) 1.625.) 1.528.) 1696)” 126341 dabin a se58"| 1.627 1.6336 
AZ| Middle of Hopper) — | — — 1502) 1.474] 4,486 | 1.465 | 1.492] 1.476 | 1,526 | .. 1.4887 
Se Topi. 3 — 2924| Aes he d0e || i183 Wetted et Od eee et t83e) al 204.|3 1.1891 
ore Distance to Dump} 7 - | 
iS } in miles WH | TA | ae At | ibe 7 1.80 1.80 OZ, 1.65 0 563" Il 35 e72eemiles 
= Speed in Knots | | | | | 
M | During Dredging = SSW ROO 2a 3.40 Bact | Ae et 3.24 B70 i OES ON ee Se 0913 knots 
- —— ail p all 
= Dredge. Depth Ft.| 37-6” | 387-6” | 39’-0” | 35-0" | 38’-0" | 367-3” | 38-0" | 387-0” 38-0") 397-0" 
| Dredging minutes) 1753 | 16.7 DOS DAES) 19500 | 190F Is wse0 18.8 | 20.4 | eZ | IOS imayiais. 
| ie '| <a) | | | ) = 
Q | Steaming to | | | 
a Dump minutes 15.6 IG.2 122059) Ae 2S is 3y | (AO lil 53 12.6 | al20 per 2s ames 
S | Dumping minutes} About 4 minutes from time of dumping to commencements of raising doors 
y | Returning to | | | | : 
ee ; Cut minutes | Meyers |e ise! 158 Nabe 1050 elder Nee 0 SO ee lAaO TG a Aa) Omer 
Zo | Complete Cycle | | 
Cut to cut | | | | | | 
minutes Sy ao ASO ua poles AT AO a oe Oe SU) 43.0 43.0 48.0 | 43.0 |» 46 . 39 * 
SV iread Noe A 1050 | 1560 | * 860 | 1240 | 1350 | * 960 | * 910 | 1225 | 1400 | * 970 
| ———— : - a 
lees. cane 1000 1030 1503 1400 | 1385 1100 1000 i501) 1250) 1045) 
eT 3 | *550 | 1200 | 1630 | 1400 | 1385 | 1250 |* 920 | 1120 | 1220 | 1330 | 
ON ——4 | 1200 | 1220 | 1360 | 1425 | 1350 | 1330 | *1025 | 1400 | 1220 | 1150 
Oulenee., 1290 1170 | *1040 1240 | 1420 1400 1125 | 1300 | #1010 | 1080 
@ ee eS ee —=4 _— +4 = = 
2 | 99 rn == | 1075 | 1520 1300 1400 | 1360 1400 1200 | 1180 1050 
ee rl ——} + t t t 
Sale ae es ey) e250 1400: | 1200 | 1350 1425 1350; 1) A320 1165 1060 
Ss ; 8 = | 1200 | 1540 | 1330 lA 25 1140 15509 191510 IPA > | 1070 
=f. 9 | — |*.ss0 | 1400 | 1160 | 1470 | 1450 | 1520 | 1370 | 1130 | 1250 
S+—— | — | 120¢ | 1540 | 1110 | 1280 | 1500 | 1450 | 1450 | 1300 | 1160 | 
for —— ft eee | | | x - 
O 4a sy al | — _ 1000 1250 1350 | 1380 1220 | 1104 ete) |) XO) ISTO) 
n | = | z == pf} ——- : - — - 
is lowes so — | a baliZéss) 1220 1300 1320 1450 P5503 75 e040 1230 
=| |, eee e. — | 4370 | — | 1425 | 1380 | 1360 | 1450 | 1550 | 1130 | 1490 
E J sg | = ie | | = — | 1370 1400 1510 | 1030 wees 
me | ) ie ee | ) (| ae ee 
350 eee me be = = = = SS ea ee 1440 | * 940 - 
MS Sed S| eee Se ee TG 128 0 et 400 ea 
a a es | = | | == 
Total Output in cubic | | | | | 
metres for density 1.8) 5090 15300 | 16263 | 16880 | 17895 | 20815 | 20374 21750 | BAO, |) ilsyly/ey | 
Correction Factor for | = | | | 
mean Sp. Gravity a0 | | | 
from draghd. samples 1.18 1199 eto. | 123 aS as es (i) |) ab 25s Lie tah 
Se ae —+ Sn ee - —_—_|— —— = = 2 | 
Total Output in cubic | | | | 
metres corrected for | | | | 
density | 6006 18207 18865 | 20762 | PI205 26019 | 24245 | 27187 20496 | 19575 202657cu.metres 
ae eS ae ee | ae [ wap ; it Total 
Average Load per | | | | | 
Cycle in cub. metres 1201 1400 1572 1597 | 1638 | 1626 1515 | 1699 | 1366 | 1506 
Le oie. ee eee ee | ee —— Le ES ae : 
Total Output in cubic | | | | | | | | 
yards corrected for | | | | | 
density | 7856 23815 | 24675 | 27157 | 27854 34033 | 31712 | 35561 | 26809 | 25604 apt aa 
; | | ota 
| F 
; + ee + = 
Average Load per | | (fees 
cycle in cubic yards 1571 9 1822 | 2056 | 2089 | 2143 2127 1982 | 2222 


Contract Conditions :—Maximum draft in salt water with raised suction pipe and with hoppers full of spoil 350 tons coal in bunkers 150 
tons fresh water in tanks, all stores and equipment and effects on board not to exceed 18’-0". 


Guaranteed dredging output of solid in situ material from the Yangtsze Bar of density not more than 1.8 
mettic tons per cubic metre in situ dredged, transported in hoppers, deposited by hopper doors 2 sea miles 
distant from dredging base and the dredger returned to the dredging base in a total working time of 10 hours for 
an average of 100 working hours to be not less than 25000 cubic yards. 
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The Dredger ‘“‘Chien She” was officially accepted by the Board as from the 3rd July 
1935 and thereafter was commissioned for service commencing regular dredging opera- 
tions at the Tungsha Bar on the 8th July 1935. 


PROGRESS OF THE DREDGING OPERATIONS AT THE YANGTSZE BAR 


It was clearly demonstrated by the satisfactory performance of the Dredger “Chien 
She” on the Official trials and preliminary dredging operations at the Bar that the 
Whang>poo Conservancy Board has been particularly fortunate in the choice of this type 
of Dredger for the important undertaking of dredging the Yangtsze Bar. 


The mud, clay and sand materials comprising the Bar can be readily excavated, 
and further, the centre-well disposition of the Draghead which has been incorporated in 
the design has proved eminently suitable for the tidal and weather conditions at the dred- 
ging site, the dredger “Chien She” being exceptionally easy to manoeuver in the prevail- 
ing cross currents when dredging at a speed of about three knots over the ground. 


During the period the “Chien She” has been on service up until the end of July 
1936, a quantity of 4,296,110 cubic yards of material has been dredged from the crest of 
the Bar, and deposited on the dumping area about two miles distant from the dredging 
cut, in a total time of 2271 working hours, resulting in a deepening of the channel of 
about three feet over a width of 600 feet and a distance of three miles. 


This remarkable achievement is considered highly satisfactory in view of the fact 
that over 60 per cent of the output consisted of hard sand which is not only difficult to 
dredge but quickly settles in the mixture resulting in a low average hopper density. 


Fig. 40.—tHOPPER LOAD OF THICK MUD. 


ae O OEE 


The situation of the line of dredging is shown on the chart of the Yangtsze Estuary 
Plates Nos. I and VI, and the small scale sounding diagram Plate No. VII, gives a clear 
indication of the work already accomplished in accordance with the output records given 
above. 


The photographs shown in Figs. 34 to 40 illustrate some interesting details of the 
dredger and the working operations, particularly Fig. 40. which shows a hopper load of 
thick mud having a mixture density of over 1.5 sp. gravity, dredged from the Yangtsze 
Bar. THE LIBRARY OF THE 

Table VI1I—Particulars of the five largest dredgers. MAY 1 0 1937 


NIVERSITY OF ILLINOIS 


NAME OF DREDGER | “LEVIATHAN”’ | “‘CHIEN SHE” ce M.O.P.217c “RIETBOK? 
Year Built 1909 1935 1934 1929 1930 
Builders Cammel Laird Schichau Deschimag Werf Gusto Simons 
Leng theisaer, 465’-9” 360’-0” 337’-0" 325-0" 374’-0” 
Beam Moulded 69-0” 60’-0”" 54’-0” 52’-6" 57-9” 
Depth Moulded 30’-7”" 26’-6" 26°-0” 23’-0”" 25°-9” 
Designed loaded draft 23’-0” 18’-0” 19’-0” 18’-0” 187-0” 
Material designed for Sand Firm Mud Various Light Mud Sand 


Moored Suction) Drag Suction |Trailing Suction| Drag Suction |Moored Suction 


Type of Dredger Flexible head | Scooping head | flexible head | Scooping head | Flexible head 


Hopper Capy, to Deck 


Level cub. yds. 6700 3700 2610 2610 3700 
Dredging rate in cub. Normal. 8600 Contract 

hoe oe 8000 SE (14000 Trials) — 
Number and size of , 3 i ” ” 

Suction pipes 4@ 42 1 @ 43 2 @ 254 a Gee 1 @ 42 
I.H.P. of Pumping 

Engines 2800 2400 2000 2000 1350 
I.H.P. of Propelling 

Engines S 4000 3000 3000 2000 3000 
Total IL.H.P. of main 

Machinery 6800 5400 5000 4000 4350 
Type of Machinery Steam Steam Diesel Electric Steam Steam 
Speed in knots, loaded 10.5 11.0 11.0 9.0 11.5 
Maxi Dredging ; 

Depeaerd es 70’ 45° 65 50? No inform. 
Location of service Mersey Bar | Yangtsze Bar | Bordeaux Bar | Punto Indio Durban Bar. 


The above table No. VIII gives the p‘incipal characteristics of five of the largest 
Bar dredgers now in operation, from which it will be seen that the Dredger ‘‘Chien She” 
is the largest and most powerful of the Drag Suction type which has yet been constructed. 


i i & prs Vins a 
Fig. 34.—GENERAL VIEW OF DREDGER LOOKING FORWARD. 


(a 
Fig. 35.—GENERAL VIEW OF DREDGER LOOKING AFT. 
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Plate II. 


Section on 
frame 35 frame $2 


WHANGPOO CONSERVANCY BOARD 


CHIEN SHE 
TWIN SCREW DRAG SUCTION HOPPER DREDGER 


WITH CENTRAL WELL 


ELEVATION AND SUPER STRUCTURES 
13100 


Main Dimensions. 


Length between perpendiculars.......-- =... 
Breads A MOulded ae eee ee ee 6040 = 18; 288) # 
Deplimee ee ere | ees 261 6. =— 8.077 u 
MoximumOrdughi.. = ee 16 -O -,486 
Maximum dredging depth. ________.........-............45*0" - 43,716 + 


....36040" - 109,726 m 


Fig. 36. rnin MUD TO PorRT HOPPERS THROUGH DISTRIBUTOR OUTLETS. 


‘ad ah ; 
Fig. 38.—FiLLING MUD TO STARBOARD HCPPERS THROUGH DISTRIBUTOR OUTLETS. Fig. 39.— FILLING MUD TO STARBOARD HOPPERS THRUOGH DISTRIBUTOR OUTLETS. 
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Section through the hoppers 


WHANGPOO CONSERVANCY BOARD 


“CHIEN SHE” 
DRAG SUCTION HOPPER DREDGER 


WITH CENTRAL WELL 
DECK PLAN 
/. 100 


Main Dimensions. 


Length between perpendicu/lars 360107 = /09,726M 


Breadth moulded 60:0" = 18,288 - 


Depth ” 


Maximum draught 
Maximum dredging depth. sesnmere45*O" = 13, 716 » 


Leis WHANGP00 CONSERVANCY Bb 
26-6 = 8,077 SS 
1ei0° = 6,486 Twin screw crag suction Sopp 
oredger with ceotra/ uel! tecd 


: i “4 : 4 4 = ie "ast ry 
a ee ae G , a 7 
a a YT 
. b a) 2 € o 
wy * a i - 7 
a as te 7 : : 
, a wae _ v4 : 
oS 4 & - | 
as ” are 5%. 
WAP « : =, | f a 
@ 7 7 - 
ae, 4 
> . - , 
; 


= 7 _ a : 
ee re rr Oe er a eo ean kt 


a 
’ 
ri q 
: 
a ~# 
7 "i 
' 
, ‘ 
i r 
d : 
' 
wt 
‘- 
a 
hy 
, * 
rage 
ve 
Rat 
‘ 
i . b 
‘ : _ 
< hid ~ 
oo . F 
a 
i 
é 
a 
y : 
LU . 
; ; 
xs 
u 
: ¢ 
’ 
: ' 
te 
‘ ir 
» F = 
‘ t j 


h 
Sep 4 4 

dag \ | 

: 7 

— d > 

: f me 

i , 
: y, 

Pe ‘Soe " 
. is 
: ys 

"I 
* 5 r ry 
< 1 
= 
; ae 7 é 
Vir a i= Va 
t ai 

: - . 1 

t- af “ : 
, 7 ‘ 

: © ~* 4% J 
-a* ial Ae _— VS reer ne Pee Sh ee » - Pm - -* a 


Plate IV. 


6) IF == ___ Suction cap 2 frome spaces , 
t i dL. 
it Slechie welding ; ; 
—— S frame paces es | Piveting 
if | Hopper Pransverse End/lops amiash\incdloas at enk, Seams 
la, Tsao. ] I \ 
as heme ram |so eee Soc 
_ Longitudinal section through \ 4 set Gace pea = ans nese dee 
+ 450190172 Mes ° ° 3 +] 22 [ase[7t| 22 [asl | 22 
ae AN. Gent Ft th A bork | fecal Sed eel Ee eral SEE 
L  aheery fame * Aopper doors Section throu ofler - ee ee ay ae area 
_ 4500/2 s:helded plotes ag — ee I os A femn flongef ve id é 
£2301 90+70.5|| | 50 18 L0%/n ELEED - 
| (012012 foorr. 
| Greer hesr ee ” 
| oe | In way of hep per ay oy 
fy) ai (amt = | Large brackets in Way /\\ Treble strap bushes eerstroke a 
\| jf ef suchon caps and honpar transr : eS Upper ech stringer plate bn |22-25| 4 
1) ees — | Unpercech plating | B 
{ 8 = : perdeck plating 
HS mm Oregon oy =— ome Heovy top plate Lee plate 
4 i 1 aa ae : Quodrol Ror SPI NOEL TL 
el Seas = ee pate Section through fore pact. ee lating of haars 
‘ + Horr 5110 * f 7 LS hinges fer each Sox | [£70 ; ; ——_—_—_______—_ [OLY ptm LE Walkie Salle Biiay 
e [ CEE Va aTe | Double 4 ated 
a . a20rs | (abt SL 448.) \ Fue/ of bunker platin 
Is ~ phe RE 9 LOI Et 
n 1 SS a a qu = | Worer tight bvlkbeods 
as : t 7 £280 ce ot / - 5 otk 
® | Brackets in way 4 "5 0 == ] Af fad Settheads of hoppers 
9) 5 of transrerses 0} fe ee 85am, 9 ! ff er tical ane SoundSotion 
‘| f 2 ‘i 5 ee rare ane eereee : f/ aE - 
2 . parr poe Ae x ee PAG: : | P a = | d/otes of contre tee/son 
. e "|| #72ordorte = _ form flanged x LSS £UEESATS \e Pillars in way ©, ——E—EE——EE es PIS SPT ee 
3 ly i 7 spaced 7é¢o= ape cross bunker L200781 10 ee | 
7 aa | ihe ° £1301 65475 == - afte =a mee | en =r 
a 4 f201d0r¢2 cov, a Le OSS Deckplating in woy —— 4 — = == 
Porleble rai! in way! | =-—— = == sion otecery I7 pr | of borer cosing 20 mm 95 cooming ie ii if 
ke etergian “oy ° Stringer pl_tn_ way of Fe | Beck ploting in wey of cross 
3 20 > way of hescer os ees boiler casing 20 m= 4 Gorge 10 cers 10 mm = 
N ) <2 tf = ( | : at ends 965410 == SS 
‘ ape eS 
220 jj | | | { : —stpeming Flenge’ 6 \ ag | 5 
hesitate me = Zaire et le a Teak Ligged abil Se | fitesat tl 
—=— / = ults sfrofped YELY. + 
Reset contra tocenive ed SSS iis BUBEU TE selina helaah fais! | ee pues 
7 eee ae £ 120120018 gous O frome ! Anchors, Chains and repes 
tn may of hopper 22 | | - = 
coudbling of ends of | 
heosoer see Lechp lan >| ; x Louipment number 37/890, letter x. 
| < Setz tanh / = 
(230901105 |, f 
| ; Pe Grane jTie p/ate 380+ 70 3 specra/ Hal/ bowers 270049 each 
. IS AN A 7 - . Srream. anchor 50 - 
4 = = 17 - 
of anes of Sapper 20 = = // 2 Stud chain Cables 24g" am , 2¢@7Smse 135 farhoms each 
ane: } ; 
is SBA SS HY f : - Tig * 1765 met GO 
=e —— a= Sa ee) | =| [| 4 tow/ine , Stee/wire , #47 Cire. 220m 120 fathoms 
£ [300 430+ 72 | ; ‘ ae 
] Ee ney re HBSS. 7 - ca LOSO. saa 2 Aewsers : etc pp hea ~ ach 
» 
JOS 19.5 10mm flanged 2 2% . 165~ * Cie C 
ip Bin aie very If | | 2 warps , = » 2h ; ey g 
NS \ | If 
F 2 Cross -bunker- bu/hheads ro hove | Cilers seaee | y 
E 9 £2004.90013 19 way of shereplores | the Some stonthings as _indicoted ; | or _ongle constr ISTE ES } | 
eo | £280 + 90+ 12 17 way t for fongitudinel bulkheads | "| mee ‘ 7 
7 ofengine and poiler ro ! Ie EE | | wee Y Notice : Approved by Lloyds Fegister 17.12.33 
p wed frames _in angine room || |, 8 mn shiffeners £ 1809T5+ 10 of 6/0 %m ‘a | ——— 
Site plating foom ir Pea ETS || SREY LT EIEN ESTEE | Rion ansiiieyiar idea 
pee mm EEO / | | Sianraewanl only 
time at N of pee—-s 4 5011504 / Fromes_th way of tneendeck || 
aay + 45 / ey 
ends 70.5 mm. in = Hiss aterery 4 fr 7 | | £2001 90" 72 ] y] 
ofhopeer 85 D | , aa Se = = = - - = 4 v ae ES | /, 
L Aes | F as , / £65475" | 
of ends of Ageper thimm | || | Zone flerged 430495 flanged 130mm 7 ve|'| | g SoObE TEES £7572 | | 
) || £ 0-90-85 | But af ends ; a | SS / 
aa treo | ; = 8.5 mm at every 37 fr ul ) 
Sa Al Fae L2sorpestes aayasoree | | | iH (\ 4 hbAayn CO S COV QIIC 02, ro/ 
& [9 L100» 751 705\\ 4, | ) i eee ae 
= 1 | | eae | ' / . 
4 f 250190195 | ¥ £250 » Portes 1 | 
| COG | eee x £0 c H / Ww W- SfeEam- 
a \staras, Only | S00rra tienen tt x | 4 | | | Y /n- Ghe oa e ” 
rofl - ; | } Vi ee 
= : “+ % h | i Y 
5 Bacoencd 14.5 ren | ch y | 
: eee Tk V1 y Suct Dred 
g : ile \] g dis uction - Hopper - Dredger. 
y © go Ii | | p22 ——_— [= | 
~ ot tl Lavage beeper Siorigs ae Einm pine Ss artek ze Joos 125+ 70 4 4800 90% 43 eapine J 
RON fis ies ep ce es OP SS Ee eT / Tn boiler room 15 (“in boiler rogm 14.5 | 5 ee On EE IZED “ A ” 
75 flenge r_coom 5 ee So ——$_——F 
‘ a 5; A he 
oi aes [. Alea ee CAren - 
| \ , (+ : = | 2 — 
| iH i eA sod» es i | eC 
ee WTO pane, Wed (5 | PASTA Ffoors 125mm .inengina i tre through ph } my o - 
grscreclee| | rooms 135,10 boller room (5 | —— MM. o/. A aby he 
| epew0-us ae 4ASAI QP -JOCTIOLS. 
i S a SS 
£ fac; ton 18 pe asGortes b 
/2bor 12 E —— 
en A Be ) = ces = £ 100» 10015. 12 5) 490% 908 12,5 5129/e 
ah be 4250 (#50 a> 1450 = “4 fender 250 b _£ 100» 100775 ett (Lie : ; ; 
Walko Daregi= rama as eens 3 Sroo 5 Sy -16 Vie rnei, ULE eV. (Eh 
Spaces in length 4 100+ 1004 45 | a 
Shell plating to ueper turn of bilge 14 mm at ends fmm | 


Class: Lloyds Register % 100 At Hopper Dredger. 


Lenoth betw. perpenorculars 3600" = 109,726m 


Breadth mov/ded 600 = 78,288 - 
section A-A Depth movided 26'6° = 8,077 ~ 
Draught 18°0" = S486" 


Plate V. 


Section A-B 
SeEcTIONAL ELEVATION 


WHANGPOO CONSERVANCY BOARD 


SECTION C-D 8 VIEW i. “ ef 
dil DRAG SUCTION HOPPER DREDGER CHIEN SHE 


LOOKING AFT 


ARRANGEMENT OF OUTBOARD SUCTION PIPE AND DRAGHEAD 


1:50 


PLAN LookxinG FROm Tor OF WELL 


LE LOW Ws 


I G4UGE Z 


ARUwE MR ERP SFHRKRA HABLM Plate VI. 


a 2+ sh 


WHANGPOO CONSERVANCY BOARD 
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